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This paper presents results of trend analysis and change point detection of annual and seasonal
precipitation, and mean temperature (TM), maximum temperature (TMAX) and minimum tempera-
ture (TMIN) time series of the period 1950–2007. Investigations were carried out for 50 precipitation
stations and 39 temperature stations located in southwest Iran. Three statistical tests including Pettitt’s
test, Sequential Mann–Kendall test (SQ-MK test) and Mann–Kendall rank test (MK-test) were used for
the analysis. The results obtained for precipitation series indicated that most stations showed insigniﬁ-
cant trends in annual and seasonal series. Out of the stations which showed signiﬁcant trends, highest
numbers were observed during winter season while no signiﬁcant trends were detected in summer pre-
cipitation. Moreover, no decreasing signiﬁcant trends were detected by statistical tests in annual and
seasonal precipitation series. The analysis of temperature trends revealed a signiﬁcant increase during
summer and spring seasons. TMAX was more stable than TMIN and TM, and winter was stable com-
pared to summer, spring and autumn seasons. The results of change point detection indicated that most
of the positive signiﬁcant mutation points in TM, TMAX and TMIN began in the 1990s.
1. Introduction
Global climate has changed signiﬁcantly in the last
hundred years. Global mean surface air tempera-
ture has increased by 0.74◦C during the last cen-
tury (IPCC 2007). Increasing temperature, snow
cover retreat and changing patterns of precipita-
tion, are among the many consequences which are
attributed to climate change. Trend detection in
temperature and precipitation time series is one of
the interesting research areas in climatology. It is
noted that precipitation and temperature changes
are not globally uniform. Regional variations can
be much larger, and considerable spatial and
temporal variations may exist between climatically
diﬀerent regions (Yue and Hashino 2003). In Iran,
surveys of long-term temperature and precipitation
variations, and trends of data continue to go unno-
ticed despite the fact that the region is suﬀering
from serious environmental, agricultural and water
resource issues. Iran is located in mid latitude dry
zone where rain is the only assured renewable water
source, and any signiﬁcant trend in precipitation
and temperature is important for water resource
management in Iran.
Trend analysis and change point detection in
temperature and precipitation series have been
investigated by many researchers throughout the
world (Serra et al. 2001; Turkes and Sumer 2004;
Zer Lin et al. 2005; Partal and Kahya 2006;
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Smadi 2006; Smadi and Zghoul 2006; Al Buhairi
2010; Karpouzos et al. 2010; Sun et al. 2010;
Croitoru et al. 2012). Researches on temperature
and precipitation were carried out by the follo-
wing Iranian scientists: Alijani (1997) investigated
annual and seasonal TM using the MK-test at
Tabriz, Tehran, Isfahan and Bushehr stations for
the period 1951 to 1993. His results did not
show any dominant and widespread climate chan-
ges, but climatic ﬂuctuation was observed at the
stations. Besides, winter temperature series were
relatively stable and showed a trace of cooling
trend while the other seasonal series indicated a
noticeable change and the second half of the study
period became warmer. Boroujerdy (2008) used
Mann–Kendall test to deﬁne trend in annual and
seasonal precipitation stations for the period 1960–
2001. The results showed that the annual precipita-
tion had a decreasing trend at stations in the west,
northwest and southeast and an increasing trend
at most stations in the other parts of the country.
Majority of the trends indicated reduced precipita-
tion during spring. Tabari and Hosseinzadeh Talaee
(2011a) analysed temperature series from 29 sta-
tions in Iran for the period 1966–2005 using
Mann–Kendall and Mann–Whitney tests. The
result indicate that annual mean temperature
increased at 25 out of 29 stations, of which 17
stations showed signiﬁcant trends. The analysis
also indicated that most of the positive signiﬁ-
cant change points began in 1972 at all stations
except the coastal ones. Modarres and da Silva
(2007) analyzed the time series of annual rain-
fall, number of rainy-days per year and monthly
rainfall of 20 stations using the Mann–Kendall
test to assess climate variability in the arid and
semi-arid regions of Iran. Their results showed
that there was no signiﬁcant climate variability
in the arid and semi-arid environments of Iran.
Tabari and Hosseinzadeh Talaee (2011b) exam-
ined temporal trends of precipitation at 41 sta-
tions in Iran for the period 1966–2005 using the
Mann–Kendall test, the Sen’s slope estimator and
the linear regression. They used eﬀective sam-
ple size (ESS) method to eliminate the eﬀect of
lag-1 serial correlation in the Mann–Kendall test.
The results showed a signiﬁcant negative trend
in annual precipitation series at seven stations.
In addition, the number of signiﬁcant trends in
the winter series was higher than those in other
seasonal series. Tabari and Hosseinzadeh Talaee
(2011c) analyzed annual, seasonal, and monthly
TMAX and TMIN in the western half of Iran using
the MK-test, the Sen’s slope estimator and the lin-
ear regression during 1966–2005. They identiﬁed a
warming trend in 85% of the stations and a neg-
ative one in the remaining stations. In addition,
the study showed that a large number of stations
experienced signiﬁcant warming trend in summer,
especially in August.
Most of the Iranian scientists have focused only
on single climatic parameter. In this research,
more climate parameters have been considered and
three statistical tests were used for trend and
change point detection in order to ﬁnd out cli-
mate trends in the climate of the study area. The
main aim of the present study was to detect trends
and change point in annual and seasonal precipita-
tion, and TM, TMAX and TMIN series during the
period 1950–2007 over southwestern Iran by using
Pettitt’s test, SQ-MK test and MK-test.
2. Methodology
2.1 Study area and data
The study area covers southwestern part of Iran,
particularly the provinces of Isfahan, Chaharmahal
and Bakhtiari, Kohgiluyeh and Boyer-Ahmad,
Lorestan and Khuzestan. The region is spread over
231,547 km2, which is about 14% of the country’s
area and extends from 29◦56′ to 31◦9′ northern
latitude, and 51◦25′ to 55◦33′ eastern longitude.
From a geological point of view, this region can be
divided into eastern plains, western plains, south
western plains and the Zagros Mountain range. The
elevation ranges from 0 m in the coastal areas of the
Persian Gulf to over 4430 m in the Dena Mountain.
Observed monthly precipitation and tempera-
ture data for the period 1950 to 2007 obtained
from Islamic Republic of Iran Meteorological Orga-
nization (IRIMO) and Iranian Water Resources
Management Organization were considered for
statistical analysis. Spatial distribution of 50
precipitation stations and 39 temperature stations
is illustrated in ﬁgure 1 and data available is
presented in table 1.
Monthly data obtained were converted to sea-
sonal and annual averages for each station. Seasons
were deﬁned as follows: winter (January–March),
spring (April–June), summer (July–September)
and autumn (October–December). The data were
carefully analyzed for homogeneity and for miss-
ing data. To test homogeneity of the data stan-
dard normal homogeneity test (Alexandersson
1986) and standard normal homogeneity test by
Alexandersson and Moberg (1997) were applied.
The results indicated that the data are fairly
homogeneous.
2.2 Techniques used
Three statisitcal techniques have been used in the
research: Pettitt’s test, SQ-MK test and MK-test.
Following sections give details of these techniques.
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Figure 1. Location of the study area and precipitation and temperature stations.
2.2.1 Pettitt’s test
This test, developed by Pettitt (1979) is a non-
parametric test, which is useful for evaluating the
occurrence of abrupt changes in climatic records
(Sneyers 1990; Tarhule and Woo 1998; Smadi and
Zghoul 2006). One of the reasons for using this
test is that it is more sensitive to breaks in
the middle of the time series (Wijngaard et al.
2003). The statistics used for the Pettitt’s test has
been explained by Kang and Yusof (2012); Dhorde
and Zarenistanak (2013) and many others. It is
computed as follows:
The ﬁrst step is to compute Uk statistic using
the following formula
Uk = 2
n∑
i=0
mi − k(n + 1), (1)
where mi is the rank of the ith observation when
the values x 1, x 2, . . .,xn in the series are arranged
in ascending order and k takes values from 1,
2, . . ., n. The next step is to deﬁne the statistical
change point test (SCP) as follows:
K = max
1≤k≤n
|Uk|. (2)
When U k attains maximum value of K in a series,
then a change point will occur in the series. The
critical value is obtained by:
Kα = [−1nα(n3 + n2)/6]1/2, (3)
where n is number of observations and α is level of
signiﬁcance which determines the critical value.
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2.2.2 Sequential Mann–Kendall test
The SQ-MK test proposed by Sneyers (1990) is
used for determining the approximate year of the
beginning of a signiﬁcant trend (Lu et al. 2004;
Partal and Kahya 2006; Tabari et al. 2011; Shifteh
Some′e et al. 2012). This test sets up two series, a
progressive one u(t) and a backward one u ′(t). If
they cross each other and diverge beyond the spe-
ciﬁc threshold value, then there is a statistically
signiﬁcant trend. The point where they cross each
other indicates the approximate year at which the
trend begins (Mosmann et al. 2004). Herein, u(t)
is a standardized variable that has zero mean and
unit standard deviation. Therefore, its sequential
behaviour ﬂuctuates around the zero level. u(t) is
the same as the z values that are found from the
ﬁrst to last data point. This test considers the rela-
tive values of all terms in the time series (x 1,x 2, . . .,
xn). Following steps are applied in sequence:
I. The magnitudes of x j annual mean time series
(j = 1, . . ., n) are compared with xk, (k = 1, . . .,
j−1). At each comparison, the number of cases
x j > x k is counted and denoted by nj .
II. The test statistic t is then given by equation:
tj =
j∑
1
nj (4)
III. The mean and variance of the statistic are:
e(t) =
n(n− 1)
4
(5)
and
var tj =
j(j − 1)(2j + 5)
72
(6)
IV. The sequential values of statistic u are then
calculated as:
u(t) =
tj − e(t)√
var(tj)
. (7)
Similarly, the values of u ′(t) are computed
backward, starting from the end of series. The
sequential version of the Mann–Kendall test could
be considered as an eﬀective way of locating the
beginning year of a trend. The intersection of the
curves showing the forward (u) and back-ward (u ′)
represents the time when a trend or change starts.
Critical value for 95% conﬁdence level is ±1.96.
2.2.3 Mann–Kendall rank test
The MK-test is a non-parametric test used to
detect signiﬁcant trends in hydrological and mete-
orological time series (Gadgil and Dhorde 2005;
Modarres and da Silva 2007; Tabari et al. 2011). In
this test we have to use only the relative values of
all terms in the series X i. Therefore, the ﬁrst step
is to replace the X i values by their ranks k i, such
that each value is assigned a number ranging from
1 to N.
The second step consists of computing the statis-
tic P. This includes the following procedure: Com-
pare the rank (k 1) of the ﬁrst value with those
of the later values from the second to the N th
value. Count the number of later values whose rank
exceeds k i, and denote this number by n1. Then
compare the rank of the second value (k 2) with
those of the later values, count the number of later
values that exceed k 2 and denote this by n2. Con-
tinue this procedure for each value of the series
ending with kN−1 and its corresponding number
nN−1. Now P can be computed as follows:
P =
N−1∑
i=1
ni. (8)
The next step involves computation of the statistic
τ by using the following equation
τ =
4P
N(N − 1) − 1. (9)
This gives us τ of Mann–Kendall test.
The value of ‘τ ’ can thus be used as the basis of
a signiﬁcance test by comparing it with
(τ)t=0± tg
√
4N + 10
9N(N − 1) , (10)
where tg is the desired probability point of the
Gaussian normal distribution. In the present study,
tg at 0.05 point has been taken for comparison.
The results obtained by all these tests were
tested at 95% conﬁdence level.
3. Results and discussion
Based on the Pettitt’s test and SQ-MK test the
change point detection for annual and seasonal pre-
cipitation and TM, TMAX and TMIN series were
applied to identify the junction of the curves, and
therefore, to detect the beginning year of the trend.
The most important reason for mutation point in
precipitation and temperature series, include sta-
tion relocation, change in instruments, changes in
observation time and methods for calculation of
mean and climate changes and changes in atmo-
spheric circulation (Smadi 2006). The MK-test was
applied to detect monotonous trends in annual and
seasonal precipitation and TM, TMAX and TMIN
series.
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Figure 2. Percentage of stations with significant trends at 95% confidence level by the MK-test, Pettitt’s test and SQ-MK
test for annual and seasonal precipitation series.
Figure 3. Spatial distribution of trends in annual and seasonal precipitation series obtained by MK-test. Shaded triangles
indicate trends significant at 95% confidence level. Hollow triangles indicate insignificant trends.
Most of the Iranian scientists such as
Boroujerdy (2008), Ghahraman and Taghvaeian
(2008), Katiraie et al. (2007), Roshan et al. (2011),
Sabohi 2009), and Shirgholami and Ghahraman
(2009) analyzed trends in precipitation and tem-
perature series for the whole of Iran. However,
Trend analysis and change point detection of precipitation and temperature over SW Iran 287
in the present study, trend analyses and change
point detection at 50 precipitation stations and
39 temperature stations over southwestern Iran
are studied which would be beneﬁcial for knowing
details of climatic changes over a smaller region.
3.1 Analysis of precipitation
The results of statistical analysis at 95% conﬁ-
dence level for annual and seasonal precipitation
data using diﬀerent techniques were approximately
similar. Both positive and negative trends were
identiﬁed by all the tests. However, all negative
trends were insigniﬁcant, and only some positive
trends were signiﬁcant. One of the reasons for so
many insigniﬁcant trends could be non-availability
of century scale data for the selected stations.
Raziei (2008) also observed insigniﬁcant positive
trends over southwest part of Iran. Another study
by Shifteh Some′e et al. (2012) found insigniﬁcant
trends in annual precipitation series at most of
the stations in Iran. In these studies also the data
availability was less than 100 years.
Results of all the tests with regard to positive
trends are illustrated in ﬁgure 2. The results of
MK-test and SQ-MK test for annual precipita-
tion series indicated positive signiﬁcant tendencies
at 16% of the stations. Results of Pettitt’s test
revealed existence of positive signiﬁcant change
point in only 12% of the time series. Spatial dis-
tribution of annual precipitation showed that pos-
itive trends occurred only at 7 stations, mostly in
the central parts (5 stations) of the study area
(ﬁgure 3). However, the year of mutation point
(year when the trend begins) is diﬀerent for each
of these stations.
Figure 4. Graphical representation of sequential values of
the statistics forward series u(t) (solid line) and backward
series u ′(t) (dashed line) obtained by SQ-MK test for annual
precipitation series observed at Abadan station.
Abadan station situated in the coastal area of
Persian Gulf experienced positive trend. Muta-
tion point at this station occurred around 1973
(ﬁgure 4). As shown in ﬁgure 2, majority of the
trends in seasonal data occurred in winter. The
largest contribution to annual precipitation is from
winter season, and therefore, the results of statisti-
cal analysis of winter series were similar to that of
annual series. Furthermore, the analysis of winter
series indicated positive trends at 14%, 16% and
10% stations by SQ-MK test, MK-test and Pet-
titt’s test, respectively. During spring and autumn
seasons signiﬁcant upward trend was detected only
at one station, whereas during summer season no
signiﬁcant trend was detected.
3.2 Analysis of temperature
3.2.1 Annual temperature
The Pettitt’s test, SQ-MK test and MK-test were
applied to detect annual trends in TM, TMAX and
TMIN series. Besides indicating tendencies, the
Pettitt’s test and SQ-MK test also reveal the
year when the trend begins (mutation point).
Outputs of these three statistical techniques for
annual and seasonal TM, TMAX and TMIN
series are almost similar, which is illustrated in
ﬁgure 5. It was observed that 58%, 51% and 56%
stations were dominated by increasing trend in
annual TM as per Pettitt’s test, SQ-MK test, and
MK-test, respectively. Out of the total observed
signiﬁcant positive trends in annual TM by Pet-
titt’s test 65% of mutation points began in
1990s, whereas the SQ-MK test revealed that
90% mutation points began in 1990s (table 2).
On the other hand, negative trends in annual
TM were detected only at 10% of the sta-
tions. Majority of the stations indicated warm-
ing trends for annual TMAX but the number of
signiﬁcant changes were less compared to annual
TMIN. 41%, 33% and 35% stations indicated an
upward trend in annual TMAX according to the
Pettitt’s test, SQ-MK test and MK-test, respec-
tively. 85% positive signiﬁcant mutation points in
annual TMAX series occurred in 1990s, accord-
ing to the Pettitt’s test as well as SQ-MK test.
The analysis of annual TMIN series by all the
tests revealed warming tendencies at 47% of sta-
tions. Out of these stations, 47% (by Pettitt’s
test) and 67% (by SQ-MK test) positive signiﬁ-
cant mutation points began in 1990s. A general
warming pattern was observed over Persian Gulf
coast and Zagros Mountains in annual TM, TMAX
and TMIN. Figure 6 presents the spatial pat-
tern of trends obtained by applying MK-test to
annual TM, TMAX and TMIN series. Majority
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Figure 5. The percentage of stations with significant trends and change points detected at 95% confidence level by the
MK-test, Pettitt’s test and SQ-MK test for annual and seasonal temperature series.
of the positive signiﬁcant trends are observed in
the eastern half of the study area. The posi-
tive trends detected in annual series are in good
agreement with the results of Tabari et al. (2011)
who found a warming trend in annual TM, TMAX
and TMIN series in about 69%, 23% and 64% of
Trend analysis and change point detection of precipitation and temperature over SW Iran 289
Table 2. Percentage of stations (out of number of stations
registering positive trends) recording signiﬁcant mutation
points in diﬀerent decades.
Pettitt’s test SQ-MK test
Annual
TM
1990s 65.21 90
1980s 30.43 5
1970s 4.34 5
TMAX
1990s 82.35 84.61
1980s 17.64 15.38
1970s 0 0
TMIN
1990s 47.36 66.66
1980s 42.10 11.11
1970s 10.52 22.22
Autumn
TM
1990s 0 75
1980s 84.61 25
1970s 15.38 0
TMAX
1990s 20 80
1980s 80 20
1970s 0 0
TMIN
1990s 41 76.92
1980s 50.66 15.38
1970s 8.33 7.69
Spring
TM
1990s 70.58 81.81
1980s 11.76 9.09
1970s 17.64 9.09
TMAX
1990s 37.5 90
1980s 50 10
1970s 12.5 0
TMIN
1990s 62.5 82.35
1980s 31.25 11.76
1970s 6.25 5.88
Summer
TM
1990s 47.61 61.90
1980s 52.38 38.09
1970s 0 0
TMAX
1990s 35.71 80
1980s 64.28 20
1970s 0 0
TMIN
1990s 45.45 75
Table 2. (Continued.)
Pettitt’s test SQ-MK test
1980s 54.54 25
1970s 4.54 0
Winter
TM
1990s 100 100
1980s 0 0
1970s 0 0
TMAX
1990s 100 100
1980s 0 0
1970s 0 0
TMIN
1990s 66.66 77.77
1980s 16.66 0
1970s 16.66 22.22
– – –
the stations, respectively in the western half of
Iran. Another study by Tabari and Hosseinzadeh
Talaee (2011c) indicated positive (negative) trends
in TMAX and TMIN series at 85% (15%) sta-
tions located in western half of Iran. Strong upward
trends dominated the stations which are rapidly
urbanizing or have already urbanized in the study
area such as Abadan, Ahwaz, Dezful, Isfahan,
Kashan and Shahre Kord, etc. The population den-
sity in these cities is very high. The cities are
able to absorb more solar radiation because of
high-rise buildings. Eﬀect of the regional air pollu-
tion, which results because of consuming huge oil
resources (fossil fuels) and urbanization, are aﬀect-
ing the climate of these cities. Besides these factors,
local topography and atmospheric circulation fea-
tures increase the possibility of inﬂuencing nature
and magnitude of the TMAX and TMIN trends
(Dhorde et al. 2009; Tabari and Hosseinzadeh
Talaee 2011d).
Graphical representations of the results obtained
by applying SQ-MK test to annual TM, TMAX
and TMIN series are shown in ﬁgures 7–9. These
ﬁgures show some examples of warming trends
observed in annual TM, TMAX and TMIN series.
The intersection point of the curves of u(t) and
u ′(t) values is the mutation point that indicates the
year when the trend begins. Similar analysis was
done for seasonal TM, TMAX and TMIN series.
3.2.2 Seasonal temperature analysis
On seasonal scale, about 16%, 14% and 25% sta-
tions showed signiﬁcant warming trend in the win-
ter TM, TMAX and TMIN, respectively (ﬁgure 5).
Results of trend analysis obtained by MK-test in
seasonal series are shown in ﬁgure 10 (winter and
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Figure 6. Result of MK-test in TM, TMAX and TMIN of annual temperature series. Significant trends at 95% confidence
level are indicated by shaded triangles and hollow triangles indicate insignificant trends.
Figure 7. Sequential values of the statistics forward series u(t) (solid line) and backward series u ′(t) (dashed line) obtained
by SQ-MK test for annual TM at some stations with the significant trends.
spring) and ﬁgure 11 (summer and autumn). Most
of the stations in the Persian Gulf coastal area
indicated an upward trend in TM and TMIN, but
TMAX series showed a downward trend. Abadan
station showed positive signiﬁcant trend in TM
and TMIN. A positive signiﬁcant trend in TMIN
was also observed at Ahwaz station. Stations from
Zagros Mountains, recorded a mix of insigniﬁcant
warming and cooling trends in winter TM. Sarab
Handeh, Yasuj and Pang Tang stations showed
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warming trends in winter TM in the Zagros Moun-
tains. About 4(7) stations in this area recorded sig-
niﬁcant warming trends in winter TMAX (TMIN).
100% positive signiﬁcant mutation points began in
the 1990s according to Pettitt’s test and SQ-MK
test in winter TM and TMAX series (table 2). The
winter TMIN series recorded 67% (78%) positive
signiﬁcant mutation points in the 1990s according
to the Pettitt’s test (SQ-MK test). Tabari et al.
(2011) found that most of the positive signiﬁcant
mutation points began in the 1970s in Iran. How-
ever, in this research, most of the positive signiﬁ-
cant mutation points occurred in the 1990s. This
also indicates that the decade of 1990 was the
warmest decade of the twentieth century.
The trends during spring season indicated a gen-
eral pattern of rising temperatures at some loca-
tions, though non-signiﬁcant. On an average 40%,
24% and 43% stations showed warming trends in
the spring TM, TMAX and TMIN, respectively
(ﬁgure 5). SQ-MK test showed few warming trends
(28%) in winter TM series. Most of the stations
in the Persian Gulf coastal area indicated upward
trends in spring TM, TMAX and TMIN, respec-
tively (ﬁgure 10). The number of signiﬁcant warm-
ing tendencies in spring TMAX was less than TM
and TMIN. More than 60% positive signiﬁcant
mutation points in spring TM and TMIN series
began in the 1990s according to the Pettitt’s test
and SQ-MK test (table 2). But, the analysis of
TMAX series by the Pettitt’s test showed that only
50% positive signiﬁcant mutation points occurred
between 1980 and 1990s, and by SQ-MK test
90% positive signiﬁcant mutation points occurred
in the 1990s.
The number of stations registering signiﬁcant
increase in summer TM and TMIN was more than
those registering insigniﬁcant trends (ﬁgure 11).
55% and 51% stations showed warming trends in
summer TM and TMAX respectively (ﬁgure 5).
But, amongst the summer TMAX series, 35% sta-
tions showed warming in the study area. During
this season, according to the Pettitt’s test, most
of the positive signiﬁcant mutation points occurred
between 1980 and 1990s, but according to SQ-MK
test most of the positive signiﬁcant mutation points
began in the 1990s.
The number of signiﬁcant rising tendencies in
autumn was less than those observed for spring
and summer, but more than in winter (ﬁgure 5).
On an average 33%, 11% and 35% stations regis-
tered signiﬁcant warming trends in autumn TM,
TMAX and TMIN, respectively. During autumn,
according to the Pettitt’s test most of the positive
signiﬁcant mutation points occurred between 1980
and 1990, but SQ-MK test indicated that most of
the positive signiﬁcant mutation points occurred
in 1990s in autumn TM series.
The results of statistical analysis of annual
and seasonal TM, TMAX and TMIN series indi-
cated more number of increasing trends in TM
and TMIN. From these results, it can be inferred
that, in general, the climate regime is shifting
towards a regime dominated by higher temper-
atures. Such increasing trends in air tempera-
ture have been related to several factors, such
as global warming, increased concentrations of
anthropogenic green house gases, increased cloud
cover, and urbanization (Smadi 2006). The pos-
itive trends in annual and seasonal TM, TMAX
and TMIN found in this study are in good agree-
ment with the results obtained by other researchers
in the western regions of Iran such as Tabari et
al. (2010); Tabari and Maroﬁ (2011); Tabari and
Hosseinzadeh Talaee (2011c).
3.3 Comparison of precipitation and
temperature trends
Signiﬁcant positive trends in annual precipitation
series occurred only at 7 stations, out of which
5 stations were located in the central part of the
study area. On the other hand annual temperature
series registered higher number of stations (more
than 50%) with signiﬁcantly increasing trends,
though the number of temperature stations were
less (39) than precipitation stations (50).
On seasonal basis majority of positive signiﬁcant
trends in precipitation occurred during winter
season, which contributes the largest amount of
precipitation to annual series. During spring and
autumn seasons signiﬁcant positive trend was
recorded only at one station each. At seasonal
level also more numbers of signiﬁcant trends were
observed in temperature as compared to precip-
itation. In the case of temperature, winter sea-
son recorded the least changes. During spring,
summer and autumn seasons more stations indi-
cated signiﬁcant warming trends with larger con-
tribution from TMIN series. During these three
seasons, it was observed that signiﬁcantly warming
trends were concentrated in central and south-
ern parts of the study area. But, some sta-
tions from west have registered increasing trends
in spring TMAX, summer TMAX and autumn
TMIN, whereas signiﬁcantly increasing trends in
precipitation were concentrated in the central part
of the study area.
Thus two inferences can be drawn from the
study. The ﬁrst is that more number of stations
have recorded signiﬁcant increasing trends in tem-
perature compared to precipitation. The second
is that the increasing temperature trends were
widespread over the study area, whereas positive
signiﬁcant trends in precipitation are concentrated
only in the central part of the study area.
292 Mohammad Zarenistanak et al.
Figure 8. Sequential values of the statistics forward series u(t) (solid line) and backward series u ′(t) (dashed line) obtained
by SQ-MK test for annual TMAX at some stations with the significant trends.
Figure 9. Sequential values of the statistics forward series u(t) (solid line) and backward series u ′(t) (dashed line) obtained
by SQ-MK test for annual TMIN at some stations with the significant trends.
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Figure 10. Trends detected by MK-test in TM, TMAX and TMIN of winter and spring series. Significant trends at 95%
confidence level are indicated by shaded triangles and hollow triangles indicate insignificant trends.
4. Conclusions
In this study, trend analysis and change point
detection of annual and seasonal precipitation, and
annual and seasonal series of TM, TMAX and
TMIN for the period 1950–2007 were carried out
for 50 precipitation stations and 39 temperature
stations located in southwest Iran. The results of
the three statistical techniques that were used were
found to be similar for TM, TMAX and TMIN
series.
The results of trend analysis and change point
detection in precipitation series are important for
policy makers, water resources management and
agriculture. It was observed that most of the sta-
tions showed an insigniﬁcant trend in annual and
seasonal precipitation series. The highest number
of stations with signiﬁcant trends in precipitation
occurred in winter while no signiﬁcant trends were
detected in summer precipitation. No decreasing
signiﬁcant trends were detected by statistical tests
in annual and seasonal precipitation series. There-
fore, it can be inferred that, no signiﬁcant change in
precipitation is observed during 1950–2007 in the
study area.
Observed temperature tendencies indicated pos-
itive change in temperature, particularly in sum-
mer and spring over most of the stations. More-
over, temperature increment in winter is less in
comparison with other seasons. Increasing tenden-
cies in TMIN were more than TMAX in all the sea-
sons. Therefore, the increase in annual and seasonal
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Figure 11. Trends detected by MK-test in TM, TMAX and TMIN of summer and autumn series. Significant trends at 95%
confidence level are indicated by shaded triangles and hollow triangles indicate insignificant trends.
TM can be attributed to higher increase in TMIN.
The results showed that most of the positive
signiﬁcant mutation points began in 1990s in the
study area. Strong warming trends were detected
at the stations near large cities in the study area.
Population growth, urbanization, and industrial-
ization during the last 30 years could be some of the
reasons for warming trend in temperature. With
no signiﬁcant change in precipitation, and signiﬁ-
cant increasing trends in temperature, particularly
during summer and spring, will lead to increase in
evaporation rates during these seasons. This may
lead to increased aridity during these seasons and
will put more pressure on surface and ground water
resources in the study area.
The results also suggest further investigations,
to examine other meteorological series available in
the Middle East which could be useful in knowing
the eﬀect of the climate change in the study area.
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